Ghmma
rays, and is converted into another substance, RaD, which is radio-active to such a slight extent that the consideration of the radium series may be left at this stage for our present purposes. Radium C has recently been shown to be complex, consisting of two substances, RaC, and RaC2, so that in speaking of RaC its dual nature must be understood. The complex nature of the changes occurring in the sequence of events narrated is conveniently illustrated by fig. 1 , which is a representation of what is believed to occur to the atoms of the radio-active bodies in question.
The time-period is the time taken for the activity of a radio-active body to be reduced to one-half of its initial value. Thus 1 grm. of radium would by its continuous conversion into the emanation be reduced to 0 5 grin. in 1,760 years; 1 c. and so on.-The three substances, RaA, RaB and RaC, have short timeperiods, and for this reason they are collectively known as the active deposit of quick change in distinction to the bodies RaD, RaE and RaF, which have lQnger periods. When a sample of radium is sealed up, the active deposit is also present in a definite ratio. If the emanation is let into a vessel, and after being kept there some time, is pumped out, the walls of the vessel are found to be radio-active; this is owing to the active deposit which has been formed from the emanation. Under most clinical conditions of irradiation the alpha rays play no part (this is not the case, however, when fluids containing emanation in solution are injected), and the effects attendant upon irradiation are therefore due to the beta and gamma rays and the secondary rays which they produce in their passage through the tissues. Inspection of fig. 1 shows that the beta and gamma rays from radium are almost entirely confined to a part of the active deposit (RaB and RaC); hence, by abstracting this active deposit from a sample of radium, its beta and gamma ray activity may be temporarily almost entirely withdrawn.
It was first shown by Rutherford 1 that if the emanation be let into a vessel, the active deposit, as it is formed, may be concentrated on a negative electrode and removed from the gas. The negative electrode may take any form which the clinical conditions indicate desirable. For some time we have inade use of the active deposit, upon wires for application to superficial cases, upon surgical needles for the introduction of radio-active material into growths, and upon large metal surfaces where the area to be irradiated has been extensive.
A method by which the active deposit may be concentrated from the emanation is shown in fig. 2 . The case is that of a wire or needle upon which the material is to be deposited. The emanation is let into a small glass tube T, which is held over mercury. This tube is lined by a piece of iron gauze which dips into the mercury and through it is connected to the positive pole of a battery giving several hundreds of volts. The wire W to be made radio-active is mounted on a piece of capillary tubing so as to lie along the axis of the tube T. By letting the wire dip into a thread of mercury in the capillary tubing, connexion may be made to the negative pole of the battery. A water resistance is introduced to prevent a possible short circuit of the cells if the wire touches the gauze. It is thus seen that an electric field exists between the wire W and the gauze G, hence the active deposit is directed to the wire as it is formed from the emanation. A small percentage (about 5 per cent.) goes to the gauze, but with a field of about 500 volts per centimetre nearly all of the active deposit may be obtained on the wire when dealing with moderate quantities of emanation.
Similar considerations hold for the case in which the active deposit is obtained upon the metal plate P, the method of exposure of which is shown in fig. 3 . After about three hours' exposure of the wire to the emanation the maximum quantity of active deposit is obtained upon it. Upon remnoval from the emanation RaA, RaB and RaC are in radioactive equilibrium, and alpha, beta and gamma rays are emitted by the wire. The activity of these wires is of course not permanent, but decays somewhat rapidly, the rate of decay depending upon the type of rays by which the activity is measured. This is so only because the three substances do not emit identical radiations.
The diminution with time of the gamma ray activity is illustrated by fig. 4 , and it will be seen that after two hours the initial activity of the wire has been reduced to about 10 per cent., so that in practice irradiation of the lesion in a patient is not usually continued beyond this time. If it is desired to express the dose in terms of so much radium, the radiation from which is constant, this may be done by evaluating the area beneath the curve. To take a concrete example: Say that we start with an active wire equal in its gamma ray activity to 10 mgrm. of radium, then after one hour the activity of the wire is reduced to nearly 4'5 mgrm. and after two hours to about 1 mgrm. From the nature of the decay curve it is found that the total radiation for the first hour is equivalent to that from a constant supply of 75 mgrm., and for the two hours to a constant supply of 4.9 mgrm. This may not be the exact therapeutic equivalent owing to the varying intensity of the active deposit. The advantages of this method of using radium are:-(1) Convenience. Active wires of any shape or size may be prepared and applied with greater precision and convenience than is possible with capsules of radium.
(2) The option of using alpha and beta as well as gamma rays. For superficial conditions they are probably more effective than the latter.
(3) Economy. Several wires or needles may be exposed to the emanation at once.
The bactericidal effects of the alpha and beta rays1 should ensure the I Chambers and Russ, Proceedings (Path. Sect.), pp. 198-212. sterility of the surfaces over which the radio-active material is deposited.
The active deposit on these surfaces is not easily removed. An active needle after having been passed through an inch of muscular tissue was found to have lost about 30 per cent. of its gamma ray activity.
The numnber of cases in which these methods have been put into practice by us is so far quite small, being confined to four cases of rodent ulcer, in which active wires having a gamma ray activity equivalent to a few milligrammes of radium were successfully used, and to two deepseated conditions in which surgical needles covered with active deposit were introduced.
The main purpose of this communication is not to record the results of any unique clinical manifestations as a consequence of radium treatment, but rather to indicate that the introduction of radio-active material into any desired locus may be considerably simplified by the methods indicated, and that the utility of preparations of radium from which the emanation can be obtained may be considerably extended.
DISCUSSION.
Mr. C. R. C. LYSTER said Dr. Russ had asked him to say a few words on the clinical aspects of the work just outlined. There seemed to be in it several points of value which were worthy of consideration, and upon which one would welcome further investigation. He had been much impressed with the difficulty of getting effects in the deeper parts of rodent ulcers, and it seemed likely that Dr. Russ's method of using the active deposits on needles would get over that difficulty to some extent. In a few cases such needles had been introduced into the deeper parts of malignant growths. The needles could be screened by covering them with a platinum or silver cannula, and so the whole of the alpha rays and the softer beta rays could be cut off, leaving for use only the pure gamma rays and harder beta rays. He thought most people had neglected the use of the alpha rays; if the alpha radiations could be got sterile into the deeper parts of a malignant growth the method had great promise. He hoped to see further investigation on the subject. At present he had used the method in four or five cases of quite superficial ulcerations. The platinum wires were very convenient, as they could be bent into any desired shape; they were very light, and no trouble for the patient to wear. Moreover, the dosage was quite accurate, and the needle could be replaced if a longer application was needed. There was room for further investigation on the question of radium deposits; the important point was the need for more radium.
Dr. G. B. BATTEN asked what was the most convenient way of making the emanation to begin with.
Dr. NORMAN ALDRIDGE asked whether large quantities of the radium were required, whether the making of radium emanation used up larger quantities of radium, and whether those who had not command of large quantities of the substance could yet make effective use of it in the way described.
Dr. Russ replied that the best way was to get the radium in solution, because the radium emanation did not come off well when the substance was in the powdered form. In the solution, however, it came off freely. It was kept in a bottle with a long neck, and the bottle was half filled with dilute hydrochloric acid. The whole thing was connected with an exhaust pump, and the pressure in that was reduced. As the emanation grew from the radium, it would bubble up into the vessel. In reality one should wait a month for its equilibrium value, but in the laboratory it was the custom to pump off every week, and one simply transferred the gas by the pump into any receptacle. The precaution, was taken to spark it down, because the radiations decomposed water into hydrogen and oxygen, and that increased the bulk, whereas it was wanted in concentrated form. The sparking down was done with a small induction coil, which re-combined the hydrogen and oxygen, and the volume was got to less than 1 c.c., the little tube shown being of 11 c.c. capacity. The quantities were comparatively small. Generally speaking, a few milligrammes were obtained on the wire-i.e., a quantity corresponding to a few milligrammes of radium. The measurements were made on gamma ray electroscopes, and since one had taken out from the emanation the substance which gave the gamma rays, the comparison was a direct one. There should be no difficulty in getting a sufficient quantity if one had 20 mgrm. of radium. By waiting a week one got 75 per cent. of the emanation possible, and one reckoned to get half at the lowest limit, so that with comparatively small quantities of radium one got enough on these wires for ordinary purposes. The radium was not appreciably affected in quantity. The period for radium was 1,760 years, so that for practical purposes it could be regarded as suffering no diminution.
Demonstration of a New Compressor.
By REGINALD MORTON, M.D.
THIS diaphragm compressor differs in no essential particular from that of Albers-Sch6nberg, being no more than a modification of the latter. In this the lever action is done away with, but all the other movements are amplified and mnore easy to actuate. With the patient lying on the middle of the table it is possible to radiograph any part of the body without moving the latter, the cross-movement being particularly easy and convenient. In hospital work it has proved most valuable in saving time and temper. A further improvement lies in the substitution of an X-ray-proof box for the tube in place of the tray supplied in the original instrument, which gave no protection to the operator.
